Abstract
INTRODUCTION
Hepatitis C virus (HCV) is a significant public health issue that affects around 3 million individuals in the United States [1] . The prevalence of chronic HCV infection in veterans affairs (VA) healthcare users is more than 2-fold higher than the general United States population, thus being the nation's largest provider for HCV care [2, 3] . The consequences of HCV infection extend beyond the liver, including renal complications such as membranoproliferative glomerulonephritis (MPGN) in the setting of cryoglobulinemia [4] . Patients with HCV were found to have a five-fold increase in the odds of developing MPGN compared with individuals who were not infected [5] . Chronic HCV infection has also been associated with reductions in glomerular filtration rate (GFR) < 60 mL/min per 1.73 m 2 , development of endstage renal disease (ESRD), and a rapid decline in renal function [4, [6] [7] [8] [9] . Interestingly, the duration of chronic HCV infection influences the risk of developing chronic kidney disease (CKD) [10] . Previous systematic reviews suggest a relationship between HCV infection and higher incidence of low estimated GFR (eGFR) [11] . In a meta-analysis of nearly 3 million individuals, chronic HCV infection predicted a 51% increase in the risk of proteinuria and a 43% increase in the incidence of CKD [11] . CKD is an important public health problem as it increases the likelihood of adverse outcomes and is associated with high healthcare costs [12] . Given that HCV infection is associated with CKD progression, the aim of our study was to determine if the achievement of sustained virological response at 12 wk (SVR12) with interferon-free, direct acting antivirals (DAAs) impacts the progression of CKD. We hypothesize that viral eradication would result in a reduction in CKD progression. No previous study has rigorously investigated whether eradication of HCV infection with newer DAA therapies is associated with improved renal function.
MATERIALS AND METHODS
Data source and study population: The VA Greater Los Angeles Healthcare System (VAGLAHS) institutional review board approved this study. Data were abstracted using the Corporate Data Warehouse, a national repository of patient data, for all patients evaluated at the VAGLAHS. A retrospective medical records review was performed by reviewing those patients over 18 years of age who initiated hepatitis C treatment with interferonfree DAAs from January 1 
Baseline patient characteristics
Demographic data, including age, gender, body mass index (BMI) and ethnicity, were obtained at the initial visit. Baseline laboratory data were collected at the time of initial visit. Serum creatinine and estimated GFR was collected yearly for two consecutive years before and one year after treatment. Patients were excluded if there was incomplete kidney function data one year after treatment. Patients were also excluded if they were lost to follow-up or died within 1 year of treatment. The diagnoses of comorbidities were based on International Classification of Disease, Ninth Revision and/or Tenth Revision, Clinical Modification (ICD-9 CM/ICD-10 CM) and use of anti-hypertensive or diabetes medications. The ICD-9/ICD-10 codes that were used were 250.00-250.93/E08-E13 for diabetes mellitus and 401.0, 401.1 and 401.9/I10 for essential hypertension. Cirrhosis and diuretic use were determined through chart review of hepatology provider notes. Patients receiving hemodialysis therapy were excluded. HCV patients were identified by ICD-9/ ICD-10 coding, 070.0-0.70.1/B18.2 and B19.2. The primary outcome of our study was SVR12, which was defined as an undetectable HCV RNA (< 15 IU/mL) 8, 12 wk or beyond the conclusion of treatment [13] .
Statistical analysis
Patient characteristics were measured by continuous and categorical variables. The baseline stage of kidney disease was measured with the GFR at the time of treatment as defined by the National Kidney Foundation Kidney Disease Outcomes Quality Initiative [14] . The mean values of baseline characteristic were analyzed using student's t-test. Proportions were compared using χ 2 test. Medians were compared using the Wilcoxon rank-sum test. The mean GFR of the control group and the treatment group was tested for a normal distribution by using a kernel density estimation. Mean GFR between groups were compared using analysis of variance. Analyzed covariates included gender, age by tertile, ethnicity, treatment experience, HCV genotype, treatment regimen, baseline kidney disease, diuretic use, and the presence of such comorbidities as obesity, hypertension, diabetes, heart failure (CHF), coronary artery disease (CAD), and peripheral artery disease (PAD). In addition, the change in eGFR from 1-year prior to DAA initiation was calculated and compared to the change in eGFR between DAA initiation and 1-year post-DAAs; a paired t-test was performed. A P value of < 0.05 was considered as significant. Data analysis was done using STATA ® v14.2.
RESULTS
A total of 523 patients met inclusion criteria for the study. Baseline characteristics of the cohort are presented in Table 1 . The majority of patients were white males with a mean age of 62.7 (SE ± 0.3) years. A total of 48.6% had cirrhosis and 22.4% were treatment-experienced. Thirty-two percent had diabetes, 68.5% had hypertension, 10.1% had CAD, 4.2% had CHF and 2.9% had been diagnosed with PAD. The most common genotype was genotype 1a (53.2%) followed by genotype 1b (28.1%). The most common HCV treatment regimen was a combination of ledipasvir with sofosbuvir followed by sofosbuvir plus ribavirin. The majority of patients were CKD stages 1 or 2 prior to HCV treatment. Within the treated groups, there was a significant difference in age between patients who achieved SVR12 compared to those who did not, with the group who achieved SVR12 being slightly older (P = 0.02). There were no other significant clinical differences between patients who achieved SVR12 compared to those who did not in terms of gender, ethnicity, cirrhosis, treatment course, treatment experience, CKD stage prior to treatment, diuretic use or other co-morbidities.
The control group consisted of 439 patients who were not treated for HCV and followed from January 1 st , 2011 to January 1 st , 2013. These patients were not treated for HCV given that DAAs were not available at VAGALHS during that time period. Baseline characteristics of the study population and control groups are shown in Table  2 . The control group was matched to the treatment group by age, gender, and ethnicity. The control group was not statistically different from the cohort of HCV treated patients in terms of age, gender, ethnicity, HCV genotype, diabetes, CAD, PAD, CKD stage prior to treatment, and diuretic use. The median MELD score (interquartile range) for the cirrhotic patients at baseline was 8.4 (7.49-9.72) in the treatment group compared to 7.7 (6.43-9.16) in the control group that did not undergo treatment; there were no significant differences in MELD score between groups (P = 0.19). There were significantly more patients with cirrhosis and obesity (BMI > 30 kg/m 2 ) in the cohort who underwent HCV treatment compared to the control group (P = 0.001, 0.005 respectively). The control group, however, had significantly more patients with hypertension and CHF compared to the cohort who underwent HCV treatment (P = 0.02, 0.001 respectively).
When comparing the rate of change in eGFR oneyear after HCV treatment compared to one-year before treatment, patients who achieved SVR12 had a decline in GFR of 3.1 mL/min ± 0.75 mL/min per 1.73 m 2 compared to a decline in eGFR 11.0 mL/min ± 2.81 mL/min per 1.73 m 2 in patients who did not achieve SVR12 (P = 0.002; Figure 1 ). In those who achieved SVR12, the change in eGFR 1-year prior to treatment was -6.2 mL/min ± 1.06 mL/min per 1.73 m 2 compared to -1.8 mL/min ± 0.75 mL/min per 1.73 m 2 in the year following DAA therapy; those who achieved SVR12 had a lesser decline in renal function following DAA treatment (P = 0.002). In those who were treated with DAAs but did not achieve SVR12, the change in eGFR 1-year prior to treatment was -5.4 mL/min ± 2.79 mL/min per 1.73 m 2 compared to -7.42 mL/min ± 2.2 mL/min per 1.73 m 2 in the year following DAA therapy (P = 0.62). In the control group, the decline in eGFR over two years was 2.8 mL/min ± 1.0 mL/min per 1.73 m 2 . This decline in eGFR in untreated patients over two years was not significantly different from the eGFR decline noted in patients who achieved SVR12 after HCV treatment (P = 0.43). Figure 2 demonstrates the rate of change in eGFR one-year after HCV treatment compared to one-year before treatment stratified by genotype. In patients with genotype 1a and 1b, there was less of a decline in eGFR between one-year before HCV treatment compared to one-year after treatment in patients who achieved SVR12 compared to those who did not (P = 0.02). There was no significant difference in eGFR decline between patients who achieved SVR12 and those who did not in genotypes 2 (n = 48) and 3 (n = 40). Figure 3 shows the rate of change in eGFR oneyear after HCV treatment compared to one-year before treatment separated out by treatment type. In patients treated with dasabuvir, ombitasvir, paritaprevir, and ritonavir and ledipasvir/sofosbuvir, there was less of a decline in eGFR between one-year before HCV treatment compared to one-year after treatment in patients who achieved SVR12 compared to those who did not (P = 0.005). In patients treated with sofosbuvir, there was not statistically significant difference in the rate of change in eGFR between those achieved SVR12 compared to those who did not (P = 0.68) although the decline in eGFR was less in those who achieved SVR12.
DISCUSSION
In this single-center cohort of Veterans, we demonstrate that patients who achieved SVR12 with interferonfree DAAs had a reduced progression of renal disease that was statistically significant compared to patients who did not achieve SVR12. However, there were no significant differences in renal function decline between patients who were not treated with DAAs compared to those who were treated and achieved SVR12. While there appears to be an association between HCV infection and progression CKD, the mechanism of HCV-induced kidney injury continues to be debated. One hypothesis is that HCV triggers immune and inflammatory responses locally, within vascular tissues, or potentially systemically through inflammatory mediators, causing atherothrombosis and thus progression of CKD [11] . Immune complex deposition with HCV proteins and anti-HCV antibodies may provoke kidney injury [15] . HCV RNA and related proteins have been found in mesangial cells and the existence of these HCV-related proteins in the mesangium is associated higher proteinuria, which may suggest HCV infection causes direct mesangial injury [16] . Another thought is that HCV seropositive status induces accelerated atheromatous disease at the kidney level [11] . There is also clinical and laboratory evidence that suggests that HCV infection may be associated with insulin resistance and susceptibility to diabetes, which may lead to endothelial dysfunction and oxidative stress [11, 17, 18] . There was no significant difference in renal function decline between those who were treated for HCV and achieved SVR12 and those who were not treated for HCV. These results are similar to previous studies. A meta-analysis looking at the effect of antiviral therapy on HCV-associated CKD showed that HCV RNA clearance with interferon based therapy was not associated with a decrease in serum creatinine in the group that achieved SVR12 compared to the group that did not [19] . However, those who achieved SVR12 did have a decrease in protein excretion [19] . There was inadequate data on proteinuria, given the retrospective design and given proteinuria is infrequently ordered by physicians at our center, thus we were unable to determine the impact of SVR12 on proteinuria.
The fact that there were no significant differences in renal function decline between patients who were not treated with DAAs compared to those who were treated and achieved SVR12, suggests that viral eradication may not be associated improvement in the progression of renal disease. In patients with MPGN and type Ⅱ cryoglobulinemia, there may be virological clearance with DAA therapy, but there may be persistence of cryoglobulinemia, which may lead to persistent renal decline. Circulating cryoglobulins are detected in a large number of patients with HCV, however, only a minority of patients will experience clinical manifestations, thus some cases of cryoglobulinemia may remain undetected [20] . A recent study by Emery et al [21] , showed that despite high SVR rates after DAA treatment in patients with HCV associated mixed cryoglobulinemia only 29.4% of symptomatic patients had complete cryoprecipitate clearance despite achievement of SVR12. Work by Gragnani et al [22] showed a 100% SVR12 rate, however reported that only 34% of patients had full complete response, defined as disappearance of all the baseline symptoms, with follow-up to 24 wk. However, a recent case series suggests that in patients with HCV and mixed cryoglobulinemia syndrome treated with DAAs that there is an improvement in renal function, even in patients not concomitantly treated with immunosuppression [23] . Another explanation as to why achievement of SVR12 may not improve renal disease progression is that patients may have intrinsic renal disease prior to treatment, such as MPGN, and these patients will have CKD progression despite achieving SVR12; this has been previously described in the literature in case reports [24] . However, other reports have suggested that DAA therapy can result in successful treatment of HCV-associated MPGN with improvement in creatinine and proteinuria [25] . Furthermore, the patient population studied was uniqueit is comprised of Veterans who are predominantly male, older in age, have a higher prevalence of CKD compared to the general population, and often have significant co-morbidities associated with CKD, such as diabetes mellitus, hypertension, vascular disease, and cancer [26] . Given the high prevalence of CKD and associated comorbidities in this veteran population, CKD progression may have occurred despite SVR12 given the other presence of co-morbidities that drive CKD progression.
An alternative explanation could also be that although HCV clearance may have renal sparing effects, there many be a component of direct nephrotoxicity due to DAA therapy. In patients treated with Viekira or ledipasvir and sofosbuvir, there was a greater decline in eGFR in those who did not achieve SVR12 compared to those who achieved SVR12. However, the sample sizes for each treatment group are too small to make any definitive conclusions. Previous treatment with interferonbased therapy was associated with acute kidney injury, however kidney injury has not been attributed to any DAA therapy [27] . Sofosbuvir's circulating metabolite GS-331007 is renally cleared, thus there is a concern of Sofosbuvir use in patients with eGFR < 30 mL/min, but further work is needed to investigate the cases of kidney injury in patients following Sofosbuvir treatment [28] . There is a greater decline in renal function in those who were treated with DAAs and did not achieve SVR12 compared to those who were never treated. However, the group that did not achieve SVR12 following treatment had a greater proportion of cirrhotic patients when compared to the control group who did not undergo treatment. Given that the group who did not achieve SVR12 had a greater proportion of patients with cirrhosis, this group may have been more ill and thus had a higher propensity to undergo complications, such as hepatorenal syndrome, which may contribute to worsening renal function.
Our study has a number of limitations. First, this is a single center study restricted to Veteran health care users; therefore, the results may not be generalizable to non-Veteran populations, given the higher prevalence of baseline CKD and only a few women. Its retrospective nature may result in bias due to confounding variables, including unmeasured patient characteristics. The Modification of Diet in Renal Disease (MDRD) equation used to estimate GFR might be less accurate among patients in hepatitis C and cirrhosis because of abnormalities in protein metabolism as well as muscle wasting. In patients with cirrhosis, serum creatinine is a poor measure of GFR, however it is often used as a surrogate marker [29, 30] . Finally, our follow-up time was short due to the recent introduction of DAAs. For our treatment cohort, there was not enough eGFR data two years following treatment, thus we were only able to evaluate eGFR changes one year following treatment. It is possible that the strength and degree of the associations described in the study might differ if the follow up period was extended.
Our study may have implications for clinical practice. Clinicians may be prompted to discuss the need for ESRD surveillance in their patients with HCV prior to treatment with DAAs. The current KDIGO guidelines suggest the patients with HCV be tested annually for proteinuria and eGFR, however the guideline is rated weak given it is based on expert judgment [31] . Given the lack of strong guidelines, it is likely that patients with HCV are not being screened for ESRD.
In summary, we found that there was a lesser decline in renal function in patients who achieved SVR12 compared to those who did not, however there were no significant differences in renal function decline between patients who were not treated compared to those who were treated and achieved SVR12. Additional research is needed to confirm these results in multi-institutional studies with longer duration of follow-up. Further work is required to develop screening guidelines for kidney disease in patients with HCV.
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Research background
Hepatitis C virus (HCV) is a significant public health issue in the United States and worldwide. The consequences of HCV infection extend beyond the liver, including renal complications. Patients with HCV are at risk for renal function decline and developing end-stage renal disease (ESRD). Chronic kidney disease (CKD) is an important public health problem as it increases the likelihood of adverse outcomes and is associated with high healthcare costs.
Research motivation
Given HCV infection places patients at risk for renal function decline and developing ESRD, it is valuable to understand how the clearance of HCV infection with interferon free, direct acting antiviral (DAA) therapy affects chronic kidney progression. Given the recent introduction of DAA therapy, the impact of HCV clearance on kidney disease has not been fully established.
Research objectives
The authors' principal aim was to determine if the achievement of sustained virological response at 12 wk (SVR12) with interferon-free, DAAs impacts the progression of CKD.
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